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Bost on, 1994, Chapter 20, Section 4.2., 534-540. Conpared to other
processes known in the art, e.g., the float and sl ot draw processes, the

f usi on process produces gl ass sheets whose surfaces have stpens @005 | at ness
20 and snoot hness. As a result, the fusion process has becone of particul ar
i mpor t anceVPH¥#E production of the gl ass substrates us EETYPOY#a00

manuf acture of liquid crystal displays -¢LCDs). The fusion process,
specifically, the overfl ow downdraw fusion process, is the subject of
commonly assigned U.S. Patents Nos. 3,338,696 25 and 3,682,609, to Stuart
M Dockerty, the contents of which are incorporated herein by reference. A
schemati-c drawi ng of the process of these patents is showmn In FIG 1. As
illustrated therein, the system includes a supply pipe 9 which provides
nolten glass to a collection trough 11 fornmed in a refractory body 13
known as an "isopipe." 30 Once steady state operation has been achi eved,
nol ten gl ass passes fromthe supply pipe to the trough and then overfl ows

the top &f the troughsAG HORTROPSOFIECIPEEOREDCON WEA1¥B300 -2 on both
sides, thus formng fG6_sﬁEET§m6T_TTEEE“H‘T‘TToﬁTﬂoﬁﬁﬁﬁfﬂ‘and then inward

al ong the .outer surfacestié . SSnmeet at  the bottom
or root 15 of the isopipe, mhere they fuse together into a single sheet.
The single sheet is then fed to drawi ng equi pment (represented 5

schemat i cal [EXELD et BHE INVEN®WODHh control s the thickness of the sheet by
the rate at mhic& t he sheet is drawn away fromthe root. The draw ng

equi pment is |oc Pé%‘%’f‘?mlao%ﬁgqsrtéa\?ﬁwe%‘Fr‘é?drlﬁébe@éodvﬁétontoﬁéhsﬁtngl e sheet
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part of E&éﬁ&%ﬁfm%ﬁefﬂm Imféﬁaces only see the anbient
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A. The Fusion Process
| The fusion process is one of the basic techniques used in the glass
15 making art to produce sheet glass. See, for example, Varshneya, Arun K.,
~ "Flat Glass,"” Fundamentals of Inorganic Glasses, Academic Press, Inc.,
Boston, 1994, Chapter 20, Section 4.2., 534-540. Compared to other
processes known in the art, e.g., the float and slot draw processes, the
- fusion process produces glass sheets whose surfaces have superior flatness
20 and smoothness. As a result, the fusion process has become of particular
importance in the production of the glass substrates used in the
" manufacture of liguid cryetal displays (LCDs).
The fusion process, specifically, the overflow downdraw fusion
process, is the subject of commonly assigned U.S. Patents Nos. 3,338,696
- 25  and 3,682,609, to Stuart M. Dockerty, the contents of which are
incorporated herein by reference. A schematic drawing of the process of
these patents is shown In FIG. 1. As illustrated therein, the system
includes a supply pipe 9 which provides molten glass to a collection trough
11 formed in a refractory bod_.y 13 known as an "isopipe."
30 Once steady state operation has been achieved, molten glass passes

from the supply pipe to the trough and then overtlows the top of the trough




I nner surfaces of the two half sheets which formthe final sheet do contact

the isopipe, but those inner surfaces fuse together at the root of the

i sopipe and are thus buried in the body of the final sheeti.yuh82bt4 s way,

t he superior 15 properties of the outer surfaces of the final sheet are

achi eved. waoirsievi dent fromthe foregoing, isopipe 13 perodoikiserl to the

success of the fusion process. In pargicular, the dinensional stability of

the isopipe is of great inportance since changes in isopipe geonetry

affect the overall success of the process. See, for exanple, Overman, U.S.

Patent No. 20 batH&Sided] Zhus furchidgpeoebecthal ghts thitiflooad dvamw vl axdl - 246230.
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25 these el ehegtedhesinde shentds ther fedtgnsiﬁmmwgupmgn as well as
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have been manufactured fromisostatically pressed bl ocks of refractory

material  (henceAs b bamen'indtiGilpéhy outen spefnedsoli e finplalassaheetile y pressed
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the isopipe, but those inner surfaces fuse together at the root of the isopipe
and are thus buried in the body of the final sheet. In this way, the superior

15  properties of the outer surfaces of the final sheet are achieved.

As is evident from the foregoing, isopipe 13 is critical to the success of
the fusion process. In particular, the dimensional stability of the isopipe is
of great importance since changes in isopipe geometry affect the overall

. success of the process. See, for example, Overman, U.S. Patent No.
20 3,437,470, and Japanese Patent Publication No. 11-246230.

Significantly, the conditions under which the isopipe is used make it
susceptible 1.:0 dimensioﬁal changes. Thus, the isopipe must operate at
elevated temperatures on the order of 1000°C and above. Moreover, in the
case of the overflow downdraw fusion process, the isopipe must operate at

25  these elevated temperatures while supporting its own weight as well as the
weight of the moli;e'n glass overflowing its sides and in trough 11, and at
least some tensional force that is tra.nsferred back to the isopipe through
the fused glass as it is being drawn. Depending on the width of the glass
sheets that are to be produced, the isopipe can have an unsupported length

30 oflb meters or more.




material being Zr02Si Q2 or, equivalently, ZrSi04. Even wth such high
performance materials, in practice, isopipes exhibit dinensional changes 10
which limt their useful life. In particular, isopipes exhibite 3@% such

- that the mddle of the unsupported |Iength of the pipe drops belowits

out er supposiamends. The present invention is concer nedwsioi/dss@ontrol |ing
such sag. A primary contributor to th%, sag of an isopipe"i's the creep rate
15 s = de/dt of the material fromwhich it is made. As known in the art,
for many materials, creep rate as a function of applied stress a can be
nodel ed Dby a poWefritlauasX Bids defihnding QR dittddsOWopRbel ABMavs beerAV"' exp(Q T)
(1) where T is tenperature and A,_n, and are material dependent
constants. W@é@t%%@e#yw@%tamaﬂy pippspsk hlecksaf sefrpgtpsnmatariddous Fl ow, and
Creep," | nt ' )C ns, New YorKk,
1976, 704- 67 an’é‘é%?ﬁ&epér&t%l g‘ a?n%ggtﬁggé%ﬁw%m%&ngg%ésg&ﬁgmtﬁlprre derivative
of strain, refrectories bavd bmmwdrtatfm'nauwpipeadmﬂﬂueéngbh/pt‘owes Because in

equati on creep rate varie stress r to a power a", the
Lo of o uaglﬁ)n(? T B AR AR R s ?%&08?%“%% of | nw model
Lower i ng th@r%aﬁa Eﬁ@&@ fintdeh pRiteFihR| Z+3Lshd SiGRkEethbr taiRPHfREat resul ts in

| ess sag durin sg use. di scussed in detail below, in accordance with
certain aspded 961%%@f the/ eaterép. withihe tb%‘é‘ﬁtlﬁi@{fﬁ@w%{mtoﬁ@%ag of an
| sopi pe can SPbGH J F:ﬂ% r Gy ally pressed
30 zircon réllf?rg%:ltory gaz\?‘?ﬁ g}()rrbp% lé( i}&?&d‘i Egﬁ&?&ig‘gr eater than

0.2 wt.% anqbei:fbﬂﬁamfmgl@rihlyﬁm%aﬁug, isopipés Qﬂnbﬁmmhsﬁﬁal&ﬂmhgds mately 1
June 20 i i Sand T, Tngavigeuar, topimes exblal sag such that | 2° Peen
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the middle of the unsupported length of the pipe drops below its outer

supported ends. The present invention is concerned with controlling such

sag.

A primary contributor to the sag of an isopipe is the creep rate
16 & = de/dt of the material from which it is made. As known in the art, for
many materials, creep rate as a function of applied stress ¢ can be modeled -
by a power law expression of the folowing form:
é=Ac" explQ/T) (D
where T is temperatﬁre and A, n, and Q are material dependent constants.

20 See Kingery et al., "Plastic Deformation, Viscous Flow, and Creep,"
Introduction to Ceramiecs, 20¢ edition, John Wiley & Sons, New York, 1976,

704-767 and, in particular, equation 14.9. Being the time derivative of

strain, the units of creep rate are length/length/time. Because in equation

(1) creep rate varies as stress raised to a power, i.e., o, the use of equation
95 (1) will be referred to herein as the "power law model."

Lowering the creep rate of the material used to make an isopipe
results in less sag during use. As discussed in detail below, in accordance
with certain aspects of the invention it has beeﬁ found that the sag of an
isopipe can be reduced by forming the isopipe from an isostatically pressed

30  zircon refractory having a titania (TiOz) content which is greater than

0.2 wt.% and less than 0.4 wt.%, e.g., a TiOz content of approximately




exhibits a |l ower nean creep rate than zircon refractories used in the past
to fromisopipes and having a titania content of about 0.1 wt.% In-
addition, it has also been found that controlling the titahianec2otteent 5 of
a zircon refractory to be within the above range significantly enhances

t he usef ulweszsseaiz t he power | aw nodel of equation (1) ipcTrseedssong t he sag
of isopipes during use. This enhanced useful ness results from i nproved 95%
confidence intervals for the nean cree’&'rat es predicted by the nodel when
equation (1) is evaluated for a particular set of u, T values. Such inproved
10 95% conf igeng8s.| B fatRhEar, ithalsWeBn HBANtHD 3kl Hoiread rdictityan i sopi pe

w Il exhibit_during use can be nore accurately nodel ed using, for exanple,
a finite elexhdils m%ww meanrmseRst Tavg thawe wapeprefravinriesased imthe PasddPi ng
greatly enhgpgce I3l 2] ' ' lope desi gns since
nuner ous desi gnzsokgﬁs%‘gﬁé{\?ﬁnéa g@%@%ﬁ%ﬁ%ﬁt@@v@nf%@oﬁl y the best 15
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20 offers a nunber_of zircon refractories containing varying anounts of
' h02- For exeapes ducoisage: ' Buyeniasegnsdindness sespechomdmproveddiai n 0.2 w

% Ti O2, it - : % i | € 7 W . %
and i te 7o Rufils BR PO She Yychulfredh itk pRAGRRF P hiddHOn [ T 7
varyi ng anowqustied (1)ii4 evilaateHdor a partdodapiet of U, TSvalklas. eBticNanprdydd 2, 259

reports that the zircon used ipn its exagﬁl es had 0.34 w.% Ti 2, while the

zi rcon Jfed 95 qonGdemse IgfRTvajs, In burpgmean thafihesaggvhieh op fiapgpe wlk patents
Nos. 3,347, @ﬁﬂingége &afhe ﬁ%?é‘a&%ﬂelybﬁogélé& A B Al e

m
concentrations of 0.27wt.% In addition to el ng nat ur al y present in
zircon as afmate shenent el othdipadelare tichuique. M@0 acompomentelnig cl ays used in
_ producing z I-gE'eCa%ﬂ/ gﬁ?fn%gst rel'zﬁnsiﬁtyst%edey'eﬁp i&%&gvrt]atdslsopipe designs since
numerous designs can be evaluated theoretically with only the best

15 candidates being selected for actual construction and testing.

B. Zircon Refractories

As indicated above, the present invention relates to isopipes
| composed of a zircon refractory having a titania concentration within -
' s_péciﬁed Hmits. Corhart Refractories Corporation (Louisville, Kentucky)

20 offers a number of zircon refractories containing varying amounts of TiOa.
For example, Corhart's 75-835 product is specified to contain 0.2 wt.% TiOz,
its ZS-835HD product 0.4 wt.%, its Zircon 20 product 0.7 wt.%, and its
Z5-1800 product 1.2 wt.%. _

As a raw material, zircon can have varying amounts of titania. For

25 example, U.S. Patent No. 2,752,259 reports that the zircon used in its
examples had 0.34 wt.% TiOg, while the zircon used in U.S. Patent No.
3,285,757 had 0.29 wt.% TiOs. U.S. Patents Nos. 3,347,687 and 3,359,124
each describe zircons having TiOs concentrations of 0.2 wt.%. In addition to
being naturally present in zircon as a raw material, TiOz can also.be a

30 component of clays used in producing zircon refractories. See U.S. Patents

Nos, 2,746,874 and 3,359,124.




Nos. 2,746,874 and 3, 359,124. 1 June 2005 WD 02/44102 PCT/ USQ /45300 -5

O her discussions of the use of titania in zircon products can be found in
Goerenz et all., U S Patent No. 5,407,873 which discl osest{tye 20@5 use of
phosphorus conpounds to i nprove the corrosion resistance of zirconium
silicate broexsiand (2) the use of titanium dioxide as RCTHISet/eBdng aid in
the 5 manufacture of such bricks. Al thgugh the patent stafés that sintering
can be inproved by adding between 0.1 W.%and 5 wt.%of titanium dioxide,

~all - of the exarrpl es of the patent use nore than 1 w. % of titanium di oxide
and the patent' Otheediscusibeeipasiid (ﬁmhaﬁminﬁzlfcoﬁfpr%dw c&f Bé Faod um
silicate, and 0.5 wt hosphor ous

% tit
conmpound. 1(331\%&‘?%‘?17’0%@3 flgj 4 ﬁat%ﬁbg% 5497 &1 wgch glsilfﬂeszgg thepsaels to the
use of  Zzir gHdkphdris RehbbEh® foQbiPrb®: ﬂlﬁ%%emh%sﬁﬁ%%k SQRGHm esi stance

of zircon refractories. Titania is enployed to enhance grain growh during
sinteri ng stiratp brieks ard ) rkhe ube offfianconchionidass snintbengeehiotie wt . % and 4

. % bl
& 18 prot ereainsttt bf Bthh-AAR- AR Hhe piech Mhascd uPR uiRe Yore,  grog
- having a t |lieammovmzﬂdgamidmgb9mamh M1 HtWh ael \Fawt. s ditasivan dicdidd, A nat eri al

for sone S exa nlflcantly none of the foregoing disclosures
regarding tﬁ’é ]%hes ?P g‘ﬁﬁ %?IF’F Yserpovesthag Livk % Qf51téﬂﬁ%§‘F9¥ngW ni a

concentrati QRe @ﬁt@t’@%@éﬁrﬂeﬁ co%%o&ﬁﬂh chﬁs.lEiQ%f 98 ‘%ﬁp% zﬁIcS’le 81i€hteCON

~refractory, or to enhance the ability o power |aw nodel to réepresent the
material, ork 5Wté(chtmemﬁende,tanﬁa®§vg‘o%lof agthospltwonmepripmushg of an

0P Pe g O LR LE LBk AN T AN U v o of
| sopi pes f omimesaiin phbidclé faind to PARees the WM ap sliddkaubistdnte of kiréch an
. refractories. Titania is employed to enhance grain growth during sintering.
The patent claims titania concentrations between 0.1 wt.% and 4 wt.%.
- The preferred titania concentration is 1 wt.%, and when blistering is a
15 problem, only 0.1 wt.% titania is used. The patent states that "grog" having -
a titania concentration of 0.2 wt.% was used as a starting material for some
of 1ts examples.
Significantly, none of the foregoing disclosures regarding the use of
. titania in zircons relates to employing titania concentration as a means to
20  control the creep rate of a zircon refractory, or to enhance the ability of a
power law model to represent the material, or to achieve the ultimate goal
of reducing the sag of an isopipe made of a zircon refractory.
SUMMARY OF THE INVENTION
In view of the foregoing, it is an object of this invention te provide
25 improved isopipes for use in the fusion process. More particularly, it is an
object of the invention to provide isopipes that exhibit less sag than existing
“1sopipes. |
To achieve the foregoing and other objects, the invention in
accordance with a first aspect provides isopipes which comprise a zircon
80 refractory that exhibits a lower creep rate than the zircon refractories

previously used to produce isopipes.




obj ect of the invention to provide isopipes that exhibit |ess sag than

exi sting . isopipes. To achieve the foregoing and other objects, the
invention in accordance with a first aspect provides isopilpéseRBdTh
conprise a zircon 30 refractory that exhibits a lower creep rate than the
zircon refWaeyerizes previously used to produce isopi peseCTiusiussee2005 WO
‘02144102 PCT/ USOL/ 45300 -6- In accordane with a second aspect, the
invention provides isopipes which conprise a zircon refractory that in
conparison to zircon refractories previously used to produce isopipes, has

a creep rate thaln sedrdencanach a@ecdnar@pa&cw@hebﬂt@ypﬁov@@@agoﬂlm nmodel . 5
I n accordanc%Bg%th a third aspect, the invention provides isopipes
conpri si ng AHERHFORRRIFNY ZHCRR TP E B hITRePRIREFOPJP ZFSen FAfraLteTe on

process, saiylofo6y GRIPE ﬁﬁoﬁﬂc@mé%‘fp%@ Thals&f Jr@&;; A% thhi &h Wﬁ%ﬁ&@hy c 0 rrpr i ses
T102 at a concentration greater t : % and |l ess than 0.4

preferably gn@aﬁemﬂmhdmbwaaﬁmwalwWandkﬂess than 0.35 wt.% and nDst 10

pr ef er abl about 0.3 rdanc th at Qurth. spect t he
vent 1 of provi dBRadeblante it SRR SPRGS s dty St Wy iBRaRPIsS at i on
adapt ed f or-com@risihgoa bt Iimfm@laQ:@ﬁﬁQuraSﬁh@db.pth foP Oips 1184 Migsién zi r con
refractory which has, a nean creep rate (MCR) at,  1180C and 250 psi of |ess
than 0.7 x P¥osss farcRydyoruTiwesA zirsen FfEactoryiy ich @E&ress i commIses 10- 6
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|nches/|nches/Eour where t is determned using a power |aw nodel,
i.e., a pmN@lreflemblymmteﬂhant(b%m% ane fsaltham 085 wh%aeodmtwhce with this

fourth pec fpactory also preferably has a MCR at 1180C
A sttt Ebiiaio 5y

and 100 ®10"6 20 inches/inches/ hour and nore
preferably | ess Ihadtordancsd Frith a fourth aspect, the invention provides isopipes

comprising a body having a configuration adapted for use in a fusion
process, said body comprising a zircon refractory which has a mean creep
rate (MCR) at 1180°C and 250 psi of less than 0.7 x 1076 inches/inches/hour,
15 preferably less than 0.6 x 1676 inches/inches/hour, and most preferably less
than 0.5 x 1078 inches/inches/hour, where the MCR is determined using a
power law model, i.e., a power law model fit to experimental data.
In accordance with this fourth aspect, the zircon refractory also
~ preferably has a MCR at 1180°C and 1000 psi of less than 5 x 1076
20 inches/inches/hour and more‘ preferably less than 3 x 1076
inches/inches/hour, where again the MCR is determined using a power law
model.
In accordance with a fifth aspect, the invention provides isopipes
comprising a body having a cc;nﬁguration adapted for use in a fusion
25  process, said body comprising a zircon refractory which has a MCR at
1180°C and 250 psi and a 95 percent confidence band (CB) for said MCR
such that the CB to MCR ratio is less than 0.5, the MCR and the CB both
being determined using a power law model. In accordance with these
aspects of the invention, the CB to MCR ratio at 1180°C and 1000 psi is
30 aiso preferably less than 0.5, where again the MCR and the CB values used




I nches/inches/ hour, where again the MCRis determ ned using a power |aw
nodel . In accordance with a fifth aspect, the invention provides isopipes
conprising a body having a configuration adapted for use idJané2sddn 25
process, said body conprising a zircon refractory which has a MCR at 1180C
~and 250 pswoaréghg 95 percent confidence band (CB) for secdusvDEsesuch t hat
the CBto MCRratio is less than 0.5, the MCR and the CB both being
determ ned using a power |aw nodel. In accordance with these aspects of
the invention, the CB to MCRratio at 1180C and 1000 psi is 30 also

preferably liesalculan tbe BB wWMCR a@iaiat shiteteMaBratitde hd sGR sy RivdBgreused 1 June
2005 WO 02/44102 PCT/ USO1/ 45300 to calculate the CBto MCRratio at said

t enper at ure %ﬁ%ﬁ‘é%‘qg@@“"%ﬁl@w Iﬁéil%r m ned using a power |aw nodel. In
accordance Wi th gn3btlBaRRGRh « dA8 4sBYENHORVBAGY gm&s%@%d for

reducing the sag of an isopipe used in a fusion process that produces 5
gl ass sheet dordvcingithg sheofiun dsopiiedused dpiadesiongnreess ithatgrrodedasact ory whi ch

pur posel y coppr.ises, Ti02 at a.concent.ration greater than 0, 2 .% and | ess
Chan 0. 4t o5 Efte 2By Sp S as i repee pon Zrer) BLEotREMET R w . og
and nost pr ghepedelycabptiesOrid: wt a%onddheratovarchidrThah N DwWe K shdkldds aspect s
of the invention can be used. 10 separate%% or in_all possible

conbi nat i ondhap8rd Wi Fhpraterahly seesteroldian GAamt-% prfldessithas 0g¥d vh. t hird and
si xt h aspect$,qahodtfefe?¥SHn0R: 6 8RF 94di ng the base, preferred, and nost
preferred val ues of those'limtations) can be conbined with the nean creep
rate |imtationsTh abbee firaithtoughmedh sspetthef thawnentiiomcedn bebswell ng t he

b PO et RSP L IR 1 R FePophalc) 20!
- (including tfheithhes dmtle phiell ahd etkiRra8p&dts 6f il Mesntddn (iHEGGIng thei t at i ons) .
Sy e Trahariod: Sha most proforzed values of those Timications) cah be
combined with the mean creep rate limitations of the fourth aspect of the
invention (including the base, preferred, and most preferred values of those
16 limitations) and/or with the CB to MCR ratio limitations of the fifth aspect -
of the invention (including the base and preferred pressure values of those
limitations). Similarly, the mean creep rate limitations of the fourth aspect
of the invention (including the base, preferred, and most preferred values of
- those limitations) can be combined with CB to MCR ratio limitations of the
20 fifth aspect of the invention (including the base and preferred pressure
values of those limitations).

As used in this specification and in the claims, the term "isopipe"
means any sheet forming delivery system used in a fusion process which
produces flat glass wherein at least a part of the delivery system comes into

25 contact with the glass just prior to fusion, irrespective of the configuration
or the number of components making up the delivery system. Also, the
MCR and CB values are determined using standard statistical techniques
for calculating such values from the fit of an equation such as the power
law model to measured data. See, for example, Draper et al., Applied

30 Regression Analysis, John Wiley & Sons, New York, 1981, 193-212.




of the invention (including the base, preferred, and nost preferred val ues
of those limtations) can be conbined wwth CBto MCRratio limtations of
the 20 fifth aspect of the invention (including the base andupeedesred
pressure values of those limtations). As used in this specification and
in the cl avowy4aibee term "i sopi pe" neans any sheet fornpowusdehssmery system
used in a fusion process which produc flat glass wherein at |east a part
of the delivery systemcones into 25 contact with the glass just prior to
fusion, irrespective of the configuration or the nunber of conponents

making up the delfugias, ﬁiésﬁr&ﬁ\"ﬁﬁiﬁﬁelyl'%en'@diﬂ@m%cﬁ@h%ﬁ:?f@ det erm ned
using standard statistical techniques for calculating such values fromthe

fit o:‘ an ediPREHFAtERsmenns that eanvBiO: corgeripian sdnieadivnallyisdegtad See, for
s _ ! i = . Sons.
. o S MR S PR RN

Furt her, t hhenoweraircops (polsding' zivdona farsedking isquipes) i aynhaviet ha dTas0P
concentratiaqns ;mreans that the TiQ2 concenfrati is intentionally sel ected
to cont rﬁ R Bgcosf%%osé ?P%lgaﬂﬁifm%waﬁ’ﬁ“é{’%%ﬂ‘éﬁ tn‘?ffreaa‘iolnﬁﬁ’}c’\:}\%i ch one or

nor e zi r ConSntdntidnUdicogira £651ps siganwakwﬂn'ﬁ@@&p@ﬁnﬂi@wm?yﬁeﬂﬁ% as a 5
result of conpositional variations wthout being the result of a conscious

i ntention t duedshie sprpsentithe crogp ratepigirepd Usebibemisoptpeabi | ity of a power
| dol ; het : Yoo g
aw nodel tor eﬁﬂﬁ&gcﬁ%ulg Fults S90 Jd%%z.ﬁ%_a%fes of ﬁ?eoiﬁvgﬁﬁgn fv?ﬂ §Q sét pe

Addi ti onal features vant ages ¢ e i nvention w e se orth in
t he det ai | edndks deiapleid desanfypiton wiich dolfnwsanddiin pparwillbd teaddyr eadi |y 10

o act | cii PRASTTah et hUgd8ShP BubiRBY ik der e S BORERISt oo {hat |
both the fonegeaidey geRivahtisleas dbdiiben haftn! Lisf 9l aideektEst fisk ed
description_are nerely exenplary of the invention, and are intended to
: both the foregoing general (iascription and the following detailed
description are merely exemplary of the invention, and are intended to
provide an overview or framework for understanding the nature and
156  character of the invention as it is claimed. The accompanying drawings are
mncluded to provide a further understanding of the invention, and are
incorporated in and constitute a part of this specification. The drawings
llustrate various aspects of the invention, and together with the
‘ deséription serve to explain the principles and operation of the invention.
20  BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic drawing illustrating a representative
construction for an isopipe for use in an overflow downdraw fusion process
for making flat glass sheets.
Figures 2A and 2B are three dimensional plots showing
256  experimentally measured creep rate as a function of temperature and stress
for zircon specimens having TiOs concentrations of 0.12 wt.% and
0.30 wt.%, respectively.
Figares 3A and 3B ave plots illustrating the differences in creep rate
variability at a temperature of 1180°C for 0.12 wt.% TiO2 versus 0.30 wt.%
30 TiOz for applied stresses of 250 psi and 1000 psi, respectively.




" provide an overview or framework for understanding the nature and 15
character of the invention as it is clained. The acconpanyi ng draw ngs are
i ncluded to provide a further understandi ng of the inventi ddun@af@are

i ncorporated in and constitute a part of this specification. The draw ngs

i 11 ustrat ev@azsaoazs aspects of the invention, and toget hen/osoiidssdohe
description serve to explain the pri nclgql es and operation of the invention.
20 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi'gure 1 is a schenmatic draw ng
illustrating a representative construction for an isopipe for use in an
overfl ow dovDETANLEDSIESCRIPTESS OF THREKVRYWTIOA! 9l ass sheets. Figures 2A
and 2B are three dipensional plots show ng 25 experinentally neasured creep
rate as a functi&%‘ggcuﬁ b pyaend dpvendionsrglates todba usp eEFHIMSs havi ng

Ti 02 _concentLableRms % %)fbdl:l_%e %F%%QE% el dMusiéh &{rS&QE GhleX S Zifdoglur €5 3A

and 3B are plots illustrating ferences-1n creep rate variability -at
“a tenper at urtefrgptory 80<aI0:2 CoxtiRnigredderi than ve? whdt MdBRsnvihas 0.30vE%02 f or

appl i ed resses (0f, 2 si_.and 1000,psi, respect.ively. June 2005 WO
02/ 44102%PCT/ USO f?lﬁ]ggg‘?} ?§9ntﬁﬁ‘$%}‘tsﬁﬁt%e§@iﬁ’ﬁ§ﬁ? BXpibge r?élé:e?irﬁéﬁﬁﬁao\l As
di scussed ahewal} of i RAGSHEY hahingn lodRr helad!@ser Mité Bfarlisecodfl zircon

refractories ép produce isopipes for use in a fusion_process where the
zircon ref rREREOYIeR gurtgnly (oed Bhtherart g Fanexamplgatheirrongefyagiary | ess t han

0.4 wt. % 5 Holhve athn 6ABH Bl AU § 256981 Rbstebetlybid enagduced sag

6’505P :
as a result of the refractory having a lower “mean creep'rate than zircon
refract ori ed-zarldenntheslinekbsihpurhe art. For exanple, the zircon refractory

Gan havg p mean g1 eaRLal e 8 MESS.ANY 23008 AURSKANGRL Nabegs than

95% confidence band (CB) for said mean creep rate (MCR) which is less
than 50% of the mean creep rate, i.e., CB/MCR < 0.5. Such a confidence

band reduces the chanc_:es that the zircon refractory of a particular isopipe
will have an abnormally high creep rate and thus cause the isopipe to have
15  a shortlifetime as a result of exhibiting unacceptable sag prematurely.
The TiO¢ content of a zircon refractory can be determined using
various techniques known in the art. For example, the content can be
- determined by means of an X-ray fluorescence analysis (XRF). The titania
"~ content of the refractdry can be adjusted so that the final product has the
20  desired TiOz content by irncorporating TiOz as needed in the batch materials
used to prepare the refractory. Thereafter, the refractory can be prepared
* 1n accordance with techniques currently known in the art or with improved
techniques which may be developed in the future.
Similarly, isopipes can be prepared from the zircon refractories of the.
25 invention using techniques currently known in the art or with improved
techniques which may be developed in the future. Typically, the isopipe
will be prepared by being maéhined from a single block of the zifcbn
refractory, although other approaches can be used if desired.
Without intending to limit it in any manner, the present invention

30 will be more fully described by the following examples.




10 In addition, such a TiQ2 content also causes the refractory to have a
95% confi dence band (CB) for said nean creep rate (MCR) which is less than
50% of the nean creep rate, i.e., CB/MCR < 0.5. Such a conf iJdemng@05 band
reduces the chances that the zircon refractory of a particular isopipe

w | | have woozdxer mal |y high creep rate and thus cause ddrajsesapiope to have
15 a short lifetime as a result of exhihiting unacceptabl e sag prematurely.
The Ti 02 content of a zircon refractor"} can be determ ned using various

t echni ques known in the art. For exahple, the content can be determ ned by

‘means of an X-rayLd UpieeRaREacRmRL ¥eitaidinEh)12 WS drid a0ive o et ent of the
refractory can be adjusted so that the final product has the 20 desired

Ti 02 cont ent WB¥e ehigined droze Capart Gelastonies Seapdratiohflopistllemat eri al s used
Lo prepare L Re.hRIPAGk Mot J%%s%afc%cgg et BEL RGN LN EAN, BeLALgPared 1n

accordance wt gues current e ar I fipr oved
t echni ques whiudtipladblocke ofimatdriyled siitaliledithethsiores toJroilhar dyisopipepi pes can be

prepared fromthe .zi rcon refractories, . of e ,25 invention using techniques
currently kn’o%mil}erﬁ?‘}]i‘é%ﬁldtlew FALP % gn_‘?tt%‘"@hni ques which may be
devel oped in the @@éﬁwﬁe tANB Rt b¥rfotrRd b PPT Bfocitdbid tak@nRF AR BlogEs Py bei ng
machi ned froma single block of the zircon refractory, although other

approaches ch#vipg Ousert-%fTiflegnddd? specimons taliendhnemnbdodks havingt it in any
TN, e SN IO ONSh 9 B ke RN L g FEBIARSS, ™
zircon ref r aceep rates bowhahn by df.the nwtieridb lein®te3€dm a8eupdztedvatries obt ai ned
rom Cor g FELEASL oL LeS Corporathon (LONL AL LS, Ken ok Eaeh 1oL
nmaterial - of Gui)taRl RGBS LIPS RNRE FFICANINHGOR PPSsedRrds #-set t he bl O0Cks
had 1engt hs f%;:t%aigli{S’f‘I&a(?-1%8.5111”1?;&{0?1'1&, applied stress o was determined from
the relation:
o = 3eALeSS/(2«¢SWeSH2)
16 where AL = applied load, SS = support span, SW = specimen width, and
SH = specimen height.
The bar was heated and its flexure as a function of time was
measured. A midspan deflection rate was obtained by calculating the slope
- of the resulting deflection versus time plot once steady state conditions for
20  the particular load and temperature had been reached. In particular, the
midspan deflection rate was deferlilined for the "secondary creep" portion of
the strain versus time curve. See, for example, the Kingery et al. text cited
above at pages 707-709.

‘Creep rates & were then obtained from the relation:

25 | é=DRe2eSH /S5°
where SH and SS are as defined above and DR = midspan deflection rate.
FIG. 2A and FIG. 2B are three dimensional plots of the creep rate
values obtained in this way for the 0.12 wt.% TiOs and 0.30 wt.% TiO2
specimens, respectively. The reduction in the scatter of the data achieved
30 by the change in TiOz concentration 1s immediately evident from these

figures. In terms of producing isopipes which will have repeatable creep




Creep rate tests were perfornmed on 117 speci nens taken from bl ocks having
0.12 wt. % Ti 2 and 142 speci nens taken from bl ocks having 0.30 w.% Ti 02. A
three point flexure technique was used to determ ne creepldane800s which a
bar of the material being tested was supported at its 10 ends and | oaded
at its cenvenz44idze applied stress in pounds per square ROTAISO{/4E390) Was
determ ned in accordance with conventiqnal procedures as set forth in ASTM
C-158. In particular, applied stress a"was determned from the relation: a
= 3.AL.SS/ (2. SW8H2) 15 where AL = applied |oad, SS = support span, SW-=
speci men W dfiypemitd, t@ﬁaca%@%ése@guh@dm&wtﬁm% AbonWeEabRa} Beviapd i ts

flexure as a function of time was measured. A m dspan deflectlon rate was
obt ai ned by THPxngntemtefardimds).3Fe-% éf clesrdy maxch) hettey thar pee hireAg\ver sus ti me

pl ot once stﬁgg&ycgﬁe%%r&%g@gtllv?n pf or 20 the particular |oad and

tenperature een reac artlcul ar, the mdspan deflection rate
was det erm ned f dFhetpgaverdewanddel vi eqedjvi (m)wraiscﬁnt@the fde AHIGL BAVer sus tine

curve. Se nmp Ki ngery et aI ext cited . above at pages
707-709. & @tpétoa@@é R i 25 rist St e ey SR otk Panssy. Do S 552
where SH a”d"'l%lé('hﬁv@%]ﬂ@ﬁdté‘ﬁgteﬂ@(ﬁ%a@rﬁttﬁﬁ% mm%ﬁﬁﬂn@ﬁédoe@ﬁgﬂ 'on rate.

FIG 2A and FIG 2B are three dinensional ots of the creep rate values

obt ai ned in Versionggi feroWindevs® §5 Wm@rw @CB@W&HQWS@S speci nens,
respectively redu in t f a ach| 30 by the
change in TiB% g’%ﬂ i%%f&?r?lgagm%%ﬁm%@t ?’iﬁ’ﬁ”ﬁ[ﬂ ®igures. In
terms of proﬁhlﬁéaﬁ@fthﬁ%ﬁ)diﬁﬁal aYienldeitt ¢dnshaie AL apead @obitatiedep thiskye 2005

WO 02/ 44102 PCT/ USOL/ 45300 11 .
10 for the two cases are set forth in Table 1.

Using these constants and the TABLE CURVE 3D program, mean
creep rates and 95% confidence bands were determined for a temperature of
1180°C and a stress of 250 psi, which are representative of the
temperatures and stress levels which an isopipe will typically experience

15 during use. The results of this analysis are shown in FIG. 3A.

Two important facts are evident from this figure. First, the mean
creep rate has been substantially reduced as a result of the increase in TiOg
content from 0.12 wt.% to 0.30 wt.%. This means that isopipes composed of
zircon refractories having higher TiOs than previously used will exhibit

‘ 20 less sag during use, a highly desirable result. Moreover, the size of the 95%
confidence band has also been substantially reduced by the increase in TiOz
conf:ent. This means that an individual isopipe made from an individual
block of a zircon refractory is more likely to have its creep rate closer to the
predicted mean creep rate when the TiOz content of the material 1s

25 increased than when it is not increased, another highly desirable result
sinee predictability in a manufacturj:ag setting makes for more efficient
planning and operation.

To further demonstrate the controlling effect which TiOz content has
on creep rate, mean creep rates and 95% confidence bands were also

30 determined for a stress of 1000 psi, again using the constants of Table 1
and the TABLE CURVE 3D program. The results are shown in FIG. 3B.



properties, the data of these figures show that a zircon refractory having
a Ti2 content of around 0.3 W .%is clearly nuch better than one having
a TiO2 content around 0.1 wt.% The power |aw nodel of eqdatn®ro@d) was
fit to the data of FIG 2A 5 and to that of FIG 2B using a conmerci al
dat a anal y80 ®2/qgsekage, nanmely, "TableCurve 3D Aut onmatEu/Sardsamwe Fitting
and Equation Discovery," Version 3.0 g_r W ndows(r) 95 & NT, software and
docunent ati on, SPSS Inc., Chicago, 19 (hereinafter the "TABLE CURVE 3D
program’). The values of the material dependent constants A n, and Q
obtai ned i nThRirgduEonlfh Mesin thep rif: £AS6RIDyEAnERbsInGthd Ti0, doafeet k. Usi ng
t hese constants and the TABLE CURVE 3D program nean creep rates and 95%
confi dence BXPRISTSAdeRal@uighgeatresslesel: enperature of 1180C and a stress
of 250 psi, whi CRaBlc®) SERRESEDL Ald XSuRf of Béine tESPABIILERVANGDS! T eSS | evel s
which an isopipe wll typically experience 1% uring use. The results of

t hi s anal ysipsogram whdetermineRh@n Glep Taies iand @btacinfidastesbands fevildent from

this figure.,, Fir t nean .creep rate has.been sybstantially reduced as
2 v osul ¢ Bor dakhbTIG A TR e pas TR e § Tidh GRS AR TE B 5 ok 5 T s
means that kb&pIspeE%CRIING a6 Bf gensrdte Ahisl Bfth *61 Gkhist Hawlap QIORGREr Ti O2
than previously used will exhibit 20 |l ess sag during use, a hi

hi
~ desirabl e r&duvaivesn thoseshownin Iable %fln partigniyy, J@éﬁf:%ma%ﬁd Kas al so
b bst apiy L ERUGEpDbatie an
that an 1 ndi oy Sl e GaRed S pro AP Rl Ao n Ry 20 Con

om an a zircon
refractory kehinvedwhiekahy TiQ: toaventi dfshe refeqctorytie gréaisethanl.2hve.%pr edi ct ed

mean creep te when the,.T102 content of the.qaterial.i.s 25 i.ngreased than
whon i 1 105 10E PRESEARRTIOTERGER ST SRR thE T PApie R e hpread e ve
predi ct abi | pt3/wt.%. dHoREWR6LyHeh MWistedt thi e FBKQS DA 1HAMSoRbd/ElakENt

pl anni ng and operation._ To further denonstrate the controlling effect which
Ti 2 cont entntghace yheathe JiPaemteniofihe saeon relrackoryraadwsabenf i dence bands

were al sO o 4wt.%. Thus, in accordance with the invention, the TiOz content of the
refractory should be above 0.2 wt.% but below 0.4 wt.%.
15 Although specific embodiments of the invention have been discussed,
a variety of modifications to those embodiments which do not depart from
the scope and spirit of the invention will be evident to persons of oxdinary
skill in the art from the disclosure herein. The following claims are
"~ intended to cover the specific embodiments set forth herein as well as such

20 modifications, variations, and equivalents.




30 determned for a stress of 1000 psi, again using the constants of Table
1 and the TABLE CURVE 3D program The results are shown in FIG 3B. 1 June
2005 WD 02/ 44102 PCT/USOL/ 45300 -12- The reduction in neaf Jonedpdy at e
achieved by increasing the Ti Q2 content is even greater at this higher
stress | eweQ 02/ e 2 summari zes the results of using tia/IABEBWCURVE 3D
programto determ ne nmean creep rat eslgnd 95% confi dence bands for the 5
data of FIG 2. Zircon refractories having a Ti Q2 content above and bel ow
"the 0.3 wt.%value used to generate this data will exhibit simlar MCR and
CB val ues to those shown in Table 2. In particular, reduced MCR and CB/ MCR
~val ues conpared to previously used zircon refractories are achieved when
the Ti 2 content of the refractory is greater than 0.2 w.% 10 The

i nproved performance continues as the Ti Q2 content is increased above 0.3
wt % . However, oxygen blisters can be generated at the isopipe/glass
interface when the Ti Q2 content of the zircon refractory reaches about 0.4
W . % Thus, in accordance with the iramgMion, the T102 content of the
refractory should be above 0.2 wt.% but below 0.4 wt.% 15 Although

speci fic enmbodi nents of the invention have been discussed, a variety of
nmodi fications to those enbodi nents which da not_depart from the scope and
spirit of the inven}iTah (%)l {be evi dent tonpersbns & ordinary skill in
the art fromthe di[cl Cl Qpjar m6ﬁ@4§l1012T|’e Tq)ba-éovm ng _%@ﬁms are intended to
cover the SpECi fic rbodtrents—set |un +h—herei-A—as—welk--as such 20

modi fications, varihti d® and"e¥%allent 4331 June™BB5 | wWo 02/ 44102

PCT/ US01/ 45300 -13- TABLE |

TABLE 2
Example | TiO, T o MCR CB CB/MCR
' (wt%) | (°C) | (psi) | (10%infinthr) |  (10° infinthr)
1 012 | 1180 | 250 |  0.7197 0.5163t01.003 | 0.6763
2 030 | 1180 | 250 0.4340 0.3500t0 0.5390 | 0.4355
3 012 | 1180 | 1000 6.296 4811108240 | 05446
4 030 | 1180 | 1000 2730 2210t03.380 | 0.4286

MCR = mean creep rate
.CB = 95% confidence band for the MCR




T2 (vt %9 An Q 0.12 1.04 x 1072 1.56 -73302 0.30 1.20 x 1074 1.33
-79038 TABLE 2 Example TiO2 Ta MCRCB CBIMCR (w.% (C (psi) (10'6
infin/hr) (10b in/in/hr) 1 0.12 1180 250 0.7197 0.5163 to 1.003 0.6763 2
0.30 1180 250 0.4340 0.3500 to 0.5390 0.4355 3 0.12 1180 1000 6.296 4.811
to 8.240 0.5446 4 0.30 1180 1000 2.736 2210 to 3.380 0. 4286 JurerR095nean
creep rate CB = 95% confidence band for the MCR 14 1 June 2005 Wat is
cl ai med lwrst|1 % i sopi pe conprising a body having a configuration adapted
for use i ﬁs‘fjbaﬁ‘ fot®ss, said body conprising a zircon refractory
whi ch conpri ses T| 02 at a concentrati on greater than 0.2 wt.% and | ess
than04wt Jhe |so§$ gg\]}}V\hereinthte zwgonre tory
conpri sed "Ti Oof‘ atlsap (,ponc ¥ %?%r}?nag &Y et tidn®0° S hPY 3%88$°%% han
0. 35 W . %por3usdhien ias@pk pen qfro@basms‘lazxdmbdyncdd@ecmungoan ere:fcbact ory

'corrprlse centration of, about 4. The, isqpipe of
claiml %J QCt&{yh%hggﬂco%Om ef i %%tlglroi ﬁgs aconﬁee\é\%lr%ﬁleepgf 576t 0C and

250. psi @fZIe’ss' tean 1655 thab0064 winches/ i nch/ hour, where the nean creep
rate is determned using a power |aw nodel. 5. The i sopipe of claim1
wherein the zircon refractory has a nean creep rate at 1180C and 1000 psi
"of | ess 3.0 xThkO-bsopipe of Claim 1 wherein the zircon refractory

comprises TiO, at a concentration greater than 0.25 wt.% and less

than 0.35 wt.%

3. The isopipe of claim 1 wherein the zircon refractory

comprises Ti0; at a concentraticn of about 0.3 wt.%

4. The iscopipe of claim 1 wherein the zircon refractory has a
mean creep rate at 1180°C and 250 psi of less than 0.5 x 107°
inches/inch/hour, where the mean creep rate is determined using a

power law model.

5. The isopipe of claim 1 wherein the zircon refractery has a
mean creep rate at 1180°C and 1000 psi of less 3.0 x 107°
inches/inch/hour, where the mean creep rate is determined using a

power law model.

6. The isopipe of claim 1 wherein the zircon refractory has a
mean creep rate (MCR) at 1180°C and 250 psi and a 95 percent
confidence band (CB) for said mean creep rate such that the CB to
MCR ratio is less than 0.5, said mean creep rate and said 95

percent confidence band being determined using a power law model.
7. The isopipe of claim 1 wherein the zircon refractory has a
mean creep rate (MCR) at 1180°C and 1000 psi and a 95 percent
cenfidence band {(CB} for said mean creep rate such that the CB to
MCR ratio is less than 0.5, said -mean creep rate and said 95

percent confidence band being determined using a power law model.




i nches/inch/ hour, where the nean creep rate is determ ned using a power

| aw nodel . 6. The isopipe of claim1l wherein the zircon refractory has a
mean creep rate (MCR) at 1180C and 250 psi and a 95 percent confidence
band (CB) for said nean creep rate such that the CBto MR ratio is |ess
than 0.5, said nmean creep rate and sail§ 95 percent confi derc&unsad¥85bei ng
determ ned using a power |aw nodel. 7. The isopipe of claim1l wherein the
zircon refractory has a nean creep rate (MCR) at 1180C and 1000 psi and a
95 percent confidence band (CB) for said nean creep rate such that the CB
to MCR mBati oansikesipd hanpbi Hinsal Boapaiuwingep t&im qardtsah h@pteper cent
confiden%%rbggg gging det erm ned usin % Eomer | aw,.nodel .. 15 1 June 2005
8. An isopipée° cofpri Pﬁﬁ”55688§5ﬁaV%%§i CEONFTYUrELFOn® addpt8d  for use in
a fusionrpreeess;y saidhbody comprlisingia,air gotorn@infraat 0oy vdaghr (i)
conprises,Ti0 t .a,concentration greater than O. % and (LL) has a
nmean creggapagé?at'flgﬁ(%: glnld %@6 % P81t PR s ] aﬁ%oW&g%ﬁé bbd

i nches/'i peh/ bburgsswhibre @ He xneait ¢neleps/imahéhosr dethersi tied misinngraspower

| aw nodel.. . 9. . The,i i of. claim8 erein.the nean creep rate is | ess

t han 0.6rft%0% Q%ﬁ@%%@?%%cE%?%h%d?@“?%ﬁa¥h%0?%%pipe of claim8 wherein the
nmean creep rate is less than 0.5 x 10-6 inches/inches/hour. 11. The
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| ess t hatih@n5). sai d095iperseiincheshiivuwtence band bei ng deternined using a
power | aw nodel. 12. The isopipe of claim8 wherein the zircon refractory

has a nean creep rate at 1180C and 1000 psi of less than 5 x 10-6
10. The isopipe of claim 8 wherein the mean creep rate is less

than 0.5 x 10°® inches/inches/hour.

11. The isopipe of claim 8 wherein the mean creep rate (MCR) at
1180°C and 250 psi has a 95 percent confidence band (CB) such
that the CB to MCR ratioc is less than 0.5, said 95 percent

confidence band being determined using a power law model.

12. The isopipe of claim 8 wherein the zircon refractory has a

mean creep rate at 1180°C and 1000 psi of less than 5 x 107°

inches/inches/hour, where the mean creep rate is determined using

a power law model.

13. The isopipe of claim 12 wherein the mean creep rate at

1180°C and 1000 psi is less than 3 x 10°° inches/inches/hour.

14. The isopipe of claim 12 wherein the mean creep rate (MCR)
at 1180°C and 1000 psi has a 95 percent confidence band {CB) such
that the CB to MCR ratio is less than 0.5, said 95 percent

confidence band being determined using a power law model.

15. An isopipe comprising a body having a configuration adapted
for use in a fusion process, said body comprising a zircon

refractory which: (i) comprises TiO, at a concentration greater



i nches/inches/ hour, where the nean creep rate is determ ned using a power
| aw nodel . 13. The isopipe of claim 12 wherein the nean creep rate at

1180C and. 1000 psi is less than 3 x 10-6 inches/inches/hour. 14. The

i sopi pe of claim 12 wherein the nean creep rate (MCR) at 1180C and 1000
psi has a 95 percent confidence band (€B) such that the CBh&m@R0Patio is
“less than 0.5, said 95 percent confidence band being determ ned using a
power | aw nodel . 15 An i sopi conprising a body havi ng a conflgrelﬁ]ati on
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that thetkB ¢® MER bain® detteh:ﬁSﬁecﬂ haning. 5, p&vlftﬁ: NER adde11 he CB bot h being
determ ned using a power |aw nodel. 16. The isopipe of claim15 wherein the

zircon refractory has a nean creep rate (MCR) at 1180C and 1000 psi and a
95 percent. conéidepieebandclLR) 16owhsrdith HBanzCr@ap vedrecsach Habak the CB

to MCRratio is less t a oth ein et erm ned
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said 1is pefroma2|r nrf ctor i C i se iQ2 at a
'concentrg{gl ot [great et CC% 6. g SR gﬁgog gh-%%ﬂ 918. The net hod

of cl ai mid7emhierei nsim a2|pmren Iafr rnaa@tedlr.y conprises Ti02 at a
concentration greater than 0.25 w.%and less than 0.35 w.% 19. The

nmet hod of claim 17 wherein the zircon refractory
17. A method for reducing the sag of an isopipe used in a

fusion process that produces glass sheets comprising forming said
isopipe from a zircon refractory which comprises TiC,; at a

concentration greater than 0.2 wt.% and less than 0.4 wt.%

18. The method of claim 17 wherein the zircon refractory
comprises TiC, at a concentration greater than 0.25 wt.% and less

than 0.35 wt.$%

19. The method of claim 17 wherein the zircon refractory

comprises TiO, at a concentration of about 0.3 wt.%

20. The method of claim 17 wherein the zircon refractory has a
mean creep rate at 1180°C and 250 psi of less than 0.5 x 107
inches/inches/hcur, where the mean creep rate is determined using

a power law model.

21. The method of claim 17 wherein the zircon refractory has a
mean creep rate at 1180°C and 1000 psi of less than 3.0 x 107°
inches/inches/hour, where the mean creep rate is determined using

a power law model.

22. The method of claim 17 wherein the zircon refractory has a

mean creep rate (MCR) at 1180°C and 250 psi and a 95 percent




conprises Ti02 at a concentration of about 0.3 wt.% 20. The net hod of
claim17 wherein the zircon refractory has a nean creep rate at 1180C and
250 psi of less than 0.5 x 10-6 inches/inches/hour, where the nmean creep
rate is determned using a power |aw nodel. 21. The nethod of claim17

~ wherein the zircon refractory has a r#an creep rate at 1180GJuned00800 psi
of less than 3.0 x 10-6 inches/inches/hour, where the nean creep rate is
determ ned using a power |aw nodel. 22. The method of claim 17 wherein the
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23. The nethod of claim 17 wherein the zircon refractory has a nean creep
rate ( E at _1180C and 1000 psi__and a 95 percent confidence band (CB) for
sai d meaf>cr e€pSrat ¥R Fhat™ tle "ERT ¢ 21 569D TS PESSTY T 6.5, said

mean cre@@aha&@@ldasal ti&H apencentc corf ndencesband betngpddelarm ned using
a power | aw
P . confyggnce band (CB) for said mean creep rate such that the CB to
- MCR ratio is less than 0.5, sald mean creep rate and said 95

percent confidence band being determined using a power law model.




